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’ Clinical Vigniette
A 53-year-old with a history of hypertension reports a 1-day history
of a droopy right upper eyelid accompanied by vertical diplopia. On
examination, there is partial right upper lid ptosis with impaired levator
function and 10% adduction, 0% supraduction, and 20% infraduction on
motility testing. Pupils are equal in size, reactive, with no relative afferent
pupillary defect.
At the conclusion of this review, you should be able to conclude what
should be the next steps in managing this patient.
’ General Approach to the Patient With a Third
(Oculomotor) Nerve Palsy
Whenever encountering a patient with any cranial nerve dysfunction,
using an anatomic algorithm for localization is a valuable approach. It is
important to establish whether a third nerve palsy (TNP) is isolated or other
cranial nerves are involved as well and if there are any other neurological
symptoms present such as ataxia, tremor, and gait disturbance.
Clinical Pearl
Most TNPs are caused by microischemia of the nerve due to occlusion/
hyporperfusion of vasa vasorum and are isolated.1 In contrast, when TNP
is not due to miscroischemia, other neurological signs and symptoms are
often present.
In this review, the etiologies of TNPs will be described based on the
anatomic location of the lesion (Fig. 1).
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When localizing TNP, think of its entire pathway starting with a nucleus
in the midbrain, fascicles within the midbrain, the nerve within subarachnoid
space traveling under posterior communication artery, entering the lateral
wall of the cavernous sinus, reaching superior orbital fissure and innervating
each extraocular muscle through a signal transmitted via the neuromuscular
junction.
’ Overview of Anatomy
Oculomotor nucleus complex (OMNC) is located in the midbrain
ventral to periaqueductal gray matter, extending rostrally towards
posterior commissure and caudally towards the trochlear nucleus.3 It
consists of multiple subnuclei innervating extraocular muscles: levator
palpebrae superioris, superior rectus, medial rectus, inferior rectus,
inferior oblique muscles and Edinger-Westphal nuclei (EWN) which
innervates and the pupillary sphincter and ciliary muscles via para-
sympathetic fibers.
OMNC is subdivided into 3 larger subnuclei: central subnucleus,
lateral subnucleus, and EWN.4 Central subnucleus contains medial
subnuclei, which innervates the contralateral superior rectus muscle,
and a single central caudal subnucleus, which innervates both levator
palpebrae superioris.5,6
Clinical Pearl
Nuclear third nerve palsies may cause bilateral ptosis or isolated
bilateral superior rectus palsies (when lesion affects medial subnucleus
only). Isolated medial rectus palsy cannot be secondary to the nuclear
lesion (there are redundant subnuclei contributing to its innervation).7
Figure 1. Anatomic course of the third nerve. (Modified from Martin and Corbett.2)
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EWN is located dorsal and rostral to OMNC and contains 2 distinct
populations of neurons: preganglionic cholinergic neurons projecting to
the ciliary ganglion and controlling ciliary and pupillary sphincter
muscles and peptidergic neurons projecting centrally with diverse roles
in controlling sympathetic pathways, appetite, and stress.8
The fascicles of the third nerve exit OMNC ventrally and pass
through the red nucleus and medial cerebral peduncle.9–12 Parasympa-
thetic fibers are located on the outer aspect of the nerve with somatic
fibers traveling deeper within the nerve. The proximal third nerve passes
between the posterior cerebral artery and the superior cerebellar artery
in the anterior incisural space.13 This portion of the nerve is supplied by
thalamoperforating arteries from the posterior cerebral arteries.14 The
nerve then travels inferomedial to the uncus, adjacent to the inferolateral
edge of the posterior communicating artery for ∼5mm.13 It passes over
the posterior petroclinoid fold and pierces the dura, the main fixation
point of the nerve to enter the cavernous sinus.15,16
In the distal cavernous sinus or proximal superior orbital fissure, the
nerve divides into superior and inferior divisions.17 The 2 divisions enter
the orbit via superior orbital fissure within the annulus of Zinn.18
Superior division enters the orbit below the insertion of the superior
rectus muscle and innervates inferior aspects of both superior rectus and
levator palpebrae superioris. Inferior division enters the orbit adjacent to
the lateral rectus before giving off branches to medial and inferior recti
muscles. Parasympathetic fibers branch off to synapse in the ciliary
ganglion located near the lateral aspect of the optic nerve 2 to 3mm
posterior to the globe.19 Postganglionic reaching the pupillary sphincter
and ciliary muscles. The terminal branch of the inferior division
innervates inferior oblique on its inferomedial surface.
’ Etiologies of Third Nerve Palsies
Several reports have examined the most common etiologies causing
TNPs. In 1 population-based study, the incidence of TNP was found to
be 4.2 per 100,000 patients.1 Of 145 cases of TNP in 1 US county over
37 years, the most common cause was microvascular (42%), followed by
trauma (12%), compression by neoplasm (11%), iatrogenic (postneur-
osurgery) in 10% and compression by an aneurysm in 6%. Most of the
aneurysm cases were caused by intracavernous aneurysms which have
low rupture rate and are located extradurally with low mortality and
morbidity. Only 17% of patients with microvascular lesions had pupillary
involvement, whereas in 64% of patients with compressive lesions pupil
was involved.1
In another large retrospective study, 1400 patients with TNPs were
examined in a county hospital.20 The causative lesion was in subarachnoid
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space in 32% of patients, cavernous sinus in 23%, brainstem in 14%,
nonlocalizing peripheral neuropathy in 18% and unknown in 13%. The
etiology was trauma in 25% of cases, compression by a tumor in 12%,
microischemia in 10%, aneurysmal compression in 11%, postneurosurgery
in 10%, stroke in 8%, infection in 5%, and Guillain-Barre syndrome (GBS)
in 5%.20 In this study, 53% of patients with microvascular palsies had
pupillary involvement, whereas 98% of patients with aneurysmal TNPs
had involvement of the pupil.20
Given that the second study was retrospective and looked at patients
in a county hospital only, it is not surprising that trauma was the most
likely etiology. This is in contrast to the first study which was population-
based and where microischemic TNPs were most common which
probably reflects the practice of most ophthalmologists.
Clinical Pearl
A minority of TNPs are due to aneurysmal compression thus if no
aneurysm is identified on adequate neuroimaging and TNP does not
improve after 2 to 3 months, a comprehensive search for other etiologies
should be undertaken.
’ Nuclear Lesions
Peculiar anatomy of the third nerve nucleus is responsible for the
unique clinical presentations of lesions affecting it in the midbrain. It has
been classically taught that patients with nuclear TNP exhibit bilateral
complete ptosis, contralateral supraduction deficit and ipsilateral adduc-
tion and inferoduction palsies. In practice, all of these findings in the
same patient are rare as the causative lesion will almost invariably affect
several but not all subnuclei as well as fascicles traversing the substance of
the midbrain.21,22
Clinical Pearl
The most common motility deficit in patients with nuclear TNP is
adduction palsy.23 Pupillary involvement and bilateral ptosis are much
less common.23,24 Most patients with nuclear TNP will have an accom-
panying neurological abnormality, most commonly gait disturbance,
followed by ataxia and contralateral hemiparesis. Rarely, patients with
nuclear TNP might have no other neurological deficits thus brainstem
pathology should be kept in the differential diagnosis of patients with
isolated TNP and MRI with diffusion-weighted imaging should be
obtained if no other etiology is apparent.23,24
The most common etiology of the nuclear/fascicular lesions produc-
ing TNP would be ischemia in the territory of the medial mesencephalic
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branches of a posterior cerebral artery. Other potential etiologies include
neoplasms and inflammatory entities which are much less common.
’ Fascicular Syndromes
The fascicles of the third nerve traverse the midbrain in the dorsal to
ventral direction passing through the red nucleus, corticospinal tracts,
and near the cerebellar peduncle. When the lesion involves any of these
locations, the resulting clinical syndrome will have been well-described.
Involvement of the red nucleus leads to contralateral tremor (Nothnagel
syndrome), and when the red nucleus and substantia nigra are both
affected, contralateral hemiparesis and choreiform movements and
tremors may occur (Benedikt syndrome). Corticospinal tract involvement
causes contralateral hemiparesis (Weber syndrome).23,24
Clinical Pearl
In patients with midbrain stroke, the most common abnormalities
associated with fascicular TNP are a disturbance of standing and gait, as
well as ataxia.23,24
Ischemia is the most common cause of fascicular TNPs, followed by
hemorrhagic and demyelinating lesions. Less common etiologies include
neoplasms, inflammatory entities (neurosarcoidosis, Behcet disease, and
infections tuberculosis, cysticercosis).25
’ Subarachnoid Portion
As the fascicles of the third nerve exit the midbrain ventrally between
posterior cerebral artery superiorly and superior cerebellar artery inferiorly,
the nerve travels in the subarachnoid space parallel and below posterior
communicating artery until it pierces the dura and enters the cavernous sinus.
Clinical Pearl
The subarachnoid space is the most common anatomic location for
the third nerve injury. It is in this segment that is vulnerable to
compression, most commonly by an aneurysm arising from the junction
of the internal carotid and posterior communicating arteries.
Despite advances in neuroimaging and neurosurgery, patients with
subarachnoid hemorrhage produced by a ruptured aneurysm have very
high morbidity and mortality rate: 15% die before reaching the hospital
with additional 40% dying in the hospital and full one third of survivors
experiencing major neurological disability.26 Thus an unruptured
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cerebral aneurysm producing compressive TNP constitutes a life-threatening
emergency.
Even though only a small portion (∼10% to 15%) of patients with
TNP will harbor an underlying aneurysm,1,20 because the cost of missing
it is so high, investigations of all patients with TNPs is focused first on
detecting an aneurysmal compressive lesion.
One cannot reliably differentiate ischemic and compressive TNP based
on the historical/examination findings and thus it is now a fairly well-
accepted standard that all patients with TNPs should undergo noninvasive
neuroimaging which if performed using modern equipment and inter-
preted by a neuroradiologist experienced in vascular imaging, should
result in almost 100% rate of detection of all unruptured aneurysms.27,28
Most posterior communicating artery aneurysmsmust be at least 4mm to
cause TNP and computed tomography angiography (CTA) and/or magnetic
resonance angiography (MRA) should detect all aneurysms that are ≥3
mm.27–29
Other rarer causes of TNP in the subarachnoid space include:
 Compression by the dolichoectatic basilar artery. Although it is very
uncommon, it has been reported and careful evaluation of noninvasive
angiographic studies should reveal the presence of dilated and
tortuous basilar artery.30
 Schwannoma of the third nerve which can manifest as recurrent TNP.
Imaging may initially be interpreted as normal and symptoms may
occur cyclically, however, careful examination of postcontrast magnetic
resonance imaging (MRI) images would reveal enhancing nodularity
of the third cranial nerve usually in the interpeduncular cistern.31
 The third nerve may be affected by the infections in the central nervous
system and has been reported in association with tuberculosis, syphilis,
Fusobacterium, Streptococcus pyogenes, cysticercosis, Lyme disease, group B
streptococcus, Epstein-Barr virus, parvovirus, Cryptococcus, neurobru-
cellosis, and others.32–42
 Compression by neoplasms in the subarachnoid space is an infrequent
cause of TNP.
 Infiltration of the nerve by neoplastic cells in subarachnoid space may
produce TNP.
 Inflammatory conditions such as neurosarcoidosis and Behcet disease
also rarely affect the third nerve in its subarachnoid portion. Of note,
as Behcet disease has a predilection for affecting the midbrain, it can
produce nuclear/fascicular TNPs as well.
 Expanding cerebral edema and transtentorial herniation may com-
press the cisternal portion of the third nerve by displaced uncus.43
 Severe head trauma usually resulting from high-speed motor vehicle
accidents (usually significant enough to produce skull base fractures,
facial bone fractures, loss of consciousness) can cause traumatic TNP.
These patients almost always develop aberrant regeneration.44
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’ Cavernous Portion
After traversing the subarachnoid space, the third nerve pierces the
dura and enters the cavernous sinus where it is located in the lateral
dural folds above the fourth nerve and lateral to the intracavernous
portion of the internal carotid artery (ICA).
Clinical Pearl
Because of the unique neurovascular anatomy of the cavernous sinus,
TNP may be accompanied by other motor and sensory cranial nerve
involvement.
 Most common neoplasms affecting cavernous sinus are meningiomas
arising from surrounding structures, craniopharyngiomas, schwannomas
usually arising from the branches of the trigeminal nerve but occasionally
from the third, fourth and sixth nerves.
 Metastatic lesions can also invade cavernous sinus and produce TNPs.
Most commonly they originate from breast, lung, and prostate and by
extension of nasopharyngeal squamous cell carcinoma.
 As the cavernous sinus is located lateral to the pituitary gland,
expansion of pituitary tumors (most commonly pituitary macroade-
nomas) or hemorrhage into preexisting adenoma (pituitary apoplexy)
can cause the pituitary gland to expand laterally and cause a TNP.
 Most common vascular lesion affecting cavernous sinus (and thus
producing TNP) are aneurysms of the intracavernous portion of the
ICA which tend to have wide necks, low risk of rupture and lowmortality.
 Low flow dural cavernous fistulas cause communication between the
small dural branches of the intracavernous ICA and venous filled
cavernous sinus. They may cause a TNP and are usually idiopathic
being more common in older women with a history of hypertension.
Although they can be treated through the endovascular approach,
many thrombose and resolve on their own.
 Dural sinus thrombosis (DST) also can affect the third nerve in its
cavernous portion. DST can be infectious or noninfectious and cause
increased pressure in the cavernous sinus thus causing the dysfunction
of any of the cranial nerves passing through it.45 Most commonly DST
is caused by the spread of infection from the adjacent sphenoid or
ethmoid sinuses. Infections involving the face, nose, teeth, tonsils, and
soft palate are less common are often encountered. The most common
causative organism is Staphylococcus aureus followed by Streptococcus
pneumonia, gram-negative bacilli and anaerobes.45
 When seeing a diabetic patient with multiple ocular motility deficits of
recent onset, one has to consider mucormycosis as a potential source of
cavernous sinus infection. Establishing the diagnosis required UR-
GENT examination of the paranasal sinuses by an otolaryngologist.
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 Inflammatory conditions that can affect the cavernous sinus include granu-
lomatous disorders (sarcoidosis, granulomatosis with polyangiitis), infections
(usually extending from the nearby sinuses or face), and idiopathic
inflammatory syndrome (Tolosa-Hunt syndrome), which is a diagnosis of
exclusion after infectious and inflammatory entities have been ruled out.
’ Orbital Portion
As the third nerve exits the cavernous sinus, it splits into superior and
inferior divisions, either at the border of the cavernous sinus or as the
nerve enters superior orbital fissure. The superior division consists of the
fibers innervating superior rectus and levator palpebrae superioris
muscles and inferior division contains fibers innervating inferior rectus,
the inferior oblique, and medial rectus muscles.
Clinical Pearl
Knowledge about the split of the third nerve into 2 separate divisions
can sometimes help in localizing the lesion when encountering a palsy
that only involves muscles innervated by specific division.
In addition to containing the fourth, sixth, and first division of the
trigeminal nerves, the superior orbital fissure is located close to the optic canal.
This anatomic fact distinguishes superior orbital fissure/cavernous sinus syn-
drome from orbital apex syndrome (vision loss from optic nerve involvement).
A number of pathologic processes can affect the superior orbital fissure:
 Neoplasms (usually arising from surrounding tissues).
 Infections (including fungal infections).
 Mucocele (usually extending from the neighboring sinuses, most
commonly ethmoid sinus as its walls are the thinnest).
 Inflammatory entities (granulomatosis with polyangiitis has a predilection
for superior orbital fissure).
 Ocular trauma with resulting orbital wall fractures and hemorrhage.
’ Disorders of Neuromuscular Junction
Clinical Pearl
Ocular myasthenia gravis (OMG) can sometimes mimic TNP.
Myasthenia does not involve the pupil as it affects acetylcholine
receptors on striated muscles only. Other signs can be seen in patients
suspected of having OMG include fatigability and variability of symptoms
and exam findings. Presence of acetylcholine receptor antibodies has
been reported in over 90% of patients with generalized myasthenia and
up to 70% of patients with ocular myasthenia.46
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’ Third Nerve Palsy Associated With Guillain-Barre
Syndrome
Clinical Pearl
GBS may be associated with multiple cranial neuropathies [Miller Fisher
(MF) variant] and even rarer it can be associated with an isolated TNP.47
The pathophysiology of cranial nerve palsies in GBS is believed to be
peripheral nerve demyelination and most patients have accompanying
various degrees of ataxia and areflexia. Ophthalmoparesis is most
frequently bilateral. Patients with MF variant of GBS have a higher
prevalence of anti-GQ1b antibodies. These antibodies are directed
against membrane ganglioside glycoprotein are found in high density
on third, fourth, and sixth nerves.48 Most patients with MF variant of
GBS experience spontaneous recovery which is sometimes hastened by
the administration of intravenous immunoglobulins or plasma exchange.
’ Congenital Third Nerve Palsy
Clinical Pearl
In children, almost half of the cases of TNP are congenital and are presum-
ed to result from embryologic insults, intrauterine damage or birth trauma.49,50
Several case reports have described segmental ICA agenesis as the cause of
congenital TNP.51,52 Absence of internal carotid on 1 side has been postulated
to result in an increase of flow through the circle of Willis and increase the risk
of aneurysms, including at the junction of ICA and posterior communicating
artery, causing compressive TNP.53 Clinically congenital TNPs usually present
with ptosis and ophthalmoplegia; pupillary involvement is common, and
aberrant regeneration is often present.54 If there is any suspicion that TNP has
not been present at birth but rather developed later, neuroimaging must be
performed to rule out compressive causes.
’ Aberrant Regeneration
Also known as oculomotor synkinesis, this phenomenon is due to
misdirection of regenerating axons. It occurs in compressive or traumatic
TNPs, on average between 2 and 3 months after the onset of compression/
trauma.54 Because the third nerve has several branches, clinically aberrant
regeneration can take make forms. Most commonly observed clinical variant
is the elevation of the upper lid on infraduction. Other possibilities include
upper lid elevation on adduction or supraduction, pupillary constriction on
infraduction or supraduction, globe retraction (presumably from cocontrac-
tion of inferior and superior recti muscles) on supraduction, and adduction of
the eye on attempted supraduction or infraduction.
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Clinical Pearl
Aberrant regeneration signifies a compression or traumatic etiology
of TNP and neuroimaging must be performed.
’ Rare Causes of Third Nerve Palsy
 Giant cell arteritis can rarely cause an isolated TNP. All patients over the
age of 50 years should be questioned about systemic symptoms of giant
cell arteritis and their inflammatory markers should be checked.55
 Perineural spread of tumor (usually squamous cell carcinoma of the skin)
can rarely cause painful TNPwhich can be isolated or occur in combination
with cranial nerve 2 or 6 dysfunctions. Here MRI of the brain and orbits
preferably with FIESTA sequence and/or positron emission tomography
scan are most likely to detect perineural spread.56,57
 Recurrent painful ophthalmoplegic neuropathy is an entity that was
previously known as ophthalmoplegic migraine.58 It is characterized by
recurrent episodes of ≥1 cranial nerve palsies accompanied by ipsi-
lateral headaches. Isolated TNP accompanied by headache and lasting
up to several days with spontaneous resolution and no deficits between
the episodes are themost common clinical scenario. All secondary causes
should be excluded and detailed neuroimaging, as well as cerebrospinal
fluid analysis, should be normal before the diagnosis of recurrent
painful ophthalmoplegic neuropathy is made.
 Cyclic oculomotor paresis with spasms a condition that can be congenital or
acquired is characterized by oculomotor paresis with continuous episodes
repeated every few minutes of lid elevation, eye moving to the midline and
pupillary constriction. Episodes (spasms) last 10 to 30 seconds and followed
by oculomotor paresis. Congenital cases were thought to be secondary to the
lesion of the third cranial nerve nucleus with the retrograde degeneration of
the axons, leading to unstable cell membranes with injured nerve generating
spontaneous contraction of the muscles innervated by the third nerve.59
Acquired cases were described following radiation therapy to the brain and
are thought to be variants of ocular neuromyotonia. In acquired cases, the
motility is often preserved between the episodes.60,61
 Dissection of the intracavernous ICA has been reported as a cause of an
isolated TNP. This is presumably due to ischemia resulting from
hypoperfusion of inferior hypophyseal and inferior cavernous sinus
branches of the intracavernous ICA which supply vasa nervosum to the
third nerve in its cavernous portion.62,63
Answer to the Clinical Vignette
 This is a patient with a constellation of findings seen in a partial TNP.
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 Fortunately, current recommendations for the management of any
patient with an acute onset of TNP make the job of a clinician easy: the
recommendation in this situation is to proceed directly to a non-
invasive neuroimaging study.
 CTA is the imaging modality of choice as it a bit more sensitive than
MRA in detecting small aneurysms, it is quick to perform and should
be readily available.
 It is important that this study is interpreted by an experienced
neuroradiologist.27 If this study is negative the chance of missing an
aneurysmal compression of the third nerve is exceedingly small.
 If CTA is normal and the patient is older (arbitrary: typically pick the
age of 50 years or older as of the cutoff) with vascular risk factors, it is
reasonable to observe the patient for 2 to 3 months with the
presumptive diagnosis of microvascular TNP.
 If microvascular TNP is unlikely, MRI withMRA is the appropriate next
step to evaluate the course of the third nerve to exclude other causes.
 If MRI is normal, testing for neuromuscular junction disorders (most
commonly myasthenia gravis): acetylcholine receptor antibody titers
and single fiber electromyogram.
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